Untreated stormwater discharge has been found to have major impacts on urban watercourses. Despite the acknowledgement of the importance of adopting broader-scale approaches to managing stormwater, there is limited information describing the subwatershed benefits of implementing numerous best management practices (BMPs). Operational monitoring of stormwater management facilities (SWMFs) and streams in three subwatersheds undergoing urbanization was undertaken over a five-year period to measure potential changes in suspended solids concentrations, hydrology and temperature. SWMFs at construction sites had elevated total suspended solids (TSS) discharges relative to facilities in stable catchments, but reduced TSS discharges in comparison to uncontrolled construction sites. The discharge from single facilities was found to have the potential to increase downstream watercourse TSS concentrations in headwater areas, but increases were often not detectable further downstream. TSS discharges from SWMFs in stable catchments were similar to published ranges, and were a useful tool to identify facilities that were not functioning as designed. Based upon the current subwatershed imperviousness levels, water quality impacts from cumulative SWMF discharges appear to be less likely to be significant than some other factors, such as the changes in the subwatershed hydrological response. No increase in peakflow or duration of midbankfull flow for the 25-mm and 2-year storm event and no trend in baseflow or water temperature were detectable over the study period, despite the increase in imperviousness due to watershed urbanization. The findings from this operational monitoring study suggest that implementation of BMPs may help to mitigate urban impacts at the subwatershed level.
Introduction
Untreated stormwater discharge has been found to have major impacts on urban watercourses (Tourbier 1994; U.S. EPA 1999; Urbonas and Jones 2002; CWP 2003) . It has contributed significantly to the deposition of suspended solids, nutrients, bacteria, trace metals and various organic contaminants in urban rivers, creeks, streams and lakes (Sansalone 2003) . In addition, the increased quantities and speed of stormwater runoff in urban areas, caused by higher proportions of impervious land, can lead to elevated stream flow velocities, channel erosion and potential flooding (Booth and Rhett Jackson 1997; Clar 2003) .
Evidence of the ecological damage caused by urban stormwater has led to new approaches to stormwater management such as source controls, detention ponds, infiltration trenches, soak-away pits and reduced lot grading (U.S. EPA 1999; Lloyd et al. 2002; Marsalek and Chocat 2002; MOE 2003) . These controls have been shown to reduce runoff quantities and improve the quality of runoff from specific drainage areas. In particular, studies evaluating the performance of individual deten-tion ponds (herein referred to as stormwater management facilities-SWMFs) have demonstrated impressive reductions in constituents such as suspended sediments, phosphorus and heavy metals (Liang and Thompson 1997; SWAMP 2002) . As a result of such findings, SWMFs have become routinely required in urban development projects throughout southern Ontario.
The Town of Richmond Hill has been active in implementing a subwatershed approach (Scheuerman 1991) to the planning and implementation of stormwater management. The integrated subwatershed approach to stormwater management is recognized as being necessary to ensure the health and sustainability of water resources within the Town. Application of subwatershed management practices is also seen to be financially prudent for the subsequent operations and maintenance of facilities (Hartigan 1983) as well as in avoiding costly rehabilitation programs (Sovern and Washington 1996) and limiting liability for downstream erosion and water quality damages.
Despite the acknowledgement of the potential benefits of adopting broader-scale approaches to managing stormwater, there is limited information available describing the subwatershed effects of implementing numerous best management practices (Maxted and Shaver 1996; Hottenroth et al. 1999; Chocat et al. 2001; Urbonas 2001) . There is some evidence indicating that SWMFs may reduce the impact of stormwater discharge on biological communities (Olding 2000; Jones et al. 1996; Horner et al. 2002) . Other studies report that degradation of biological diversity in streams is primarily a function of changes in watershed imperviousness that stormwater best management practices do little to mitigate (Schueler 1994; Horner et al. 1996) . More recently, Stribling et al. (2002) concluded that a combination of stormwater best management practices, including SWMFs, may provide some benefits to watersheds where single SWMFs, in isolation, may do little to protect or enhance in-stream conditions.
The purpose of this study is to evaluate, within the context of a municipal operational monitoring program, the discharges from SWMFs in stable and recently constructed catchments, and their possible effects on receiving subwatershed suspended solids, hydrology and temperature.
Materials and Methods

Study Sites
In 2000, six newly constructed stormwater management facilities outletting into a 750-m stretch of the Upper Rouge River in the Bayview North Community of Richmond Hill were selected for study. The six SWMFs drain a total of 186 ha of urban land within a subwatershed that has a total area of 1918 ha. Figure 1 identifies the locations of all SWMFs in the Town and their year of construction. Within the subwatershed, the land use includes urban with no stormwater controls, urban with stormwater controls and rural/agricultural. The six stormwater management facilities under study were constructed during 1997 and 1998. They were all designed to provide 80% total suspended solids removal (Level 1 water quality control; MOEE 1994), detain a 25-mm rain event for 24 to 48 h (erosion control), provide 5-year over control of flows and help mitigate stream temperature increases (bottom draw outlets, thermal cooling outflow trenches). Despite similarities in functional design, the SWMFs differed significantly in their size, treatment capacity, configuration and drainage area characteristics ( Table 1) .
The 2000 sampling program also included two stream sampling sites just upstream (Rouge West up) and downstream (Rouge West) of the six SWMFs. A permanent stream monitoring station (Rouge East) was established as a reference on the eastern tributary of the Upper Rouge River. The east tributary drains 1445 ha of land primarily used for rural/agricultural purposes and joins the Rouge West just downstream of the SWMFs. Two permanent stream monitoring stations were also established at key points of watercourse discharge from the Town to track changes in the water quality and quantity leaving the Town over time at the southeastern limit of the Rouge River below the confluence of the Rouge East and Rouge West tributaries (Rouge Main; installed 1999, drainage area ~3474 ha) and at the western end of the East Humber River (E. Humber; installed 1999, drainage area ~2216 ha).
In 2001, 22 stormwater management facilities outletting into the Rouge, Don and Humber rivers were sampled, including repeat samplings on the six facilities sampled in 2000 ( Fig. 1 ). The SWMFs sampled in 2001 were constructed from 1987 to 2000 and differed significantly in their size, treatment capacity, configuration and drainage area characteristics ( Table 1 ). All SWMFs were designed to provide water quality treatment of either 70% (Level 2) or 80% (Level 1) total suspended solids removal, erosion control retention of a 25-mm event for 12, 24 or 48 h and either 5-year over control or post-to pre-peak flow control for the 2-to 100-year storm. Many SWMFs were also designed to help mitigate stream temperature increases through bottom draw outlets and thermal cooling outflow trenches. Additional stream sampling sites were established at ten locations throughout the Town in 2001 and at key points where major watercourses discharge from the Town (Fig. 1) .
In 2002, ten stormwater management facilities were sampled, including three facilities not previously studied. The SWMFs sampled in 2002 were constructed between 1997 and 2001 and differed significantly in their size, treatment capacity, configuration and drainage area characteristics ( Table 1) . All SWMFs were designed to provide water quality treatment of either 70% (Level 2) or 80% (Level 1) total suspended solids removal, erosion control retention of a 25-mm event for 24 or 48 h, and either 5-year over control or post-to pre-peak flow control for the 2-to 100-year storm. Many SWMFs were also designed to help mitigate stream temperature increases through bottom draw outlets and thermal cooling outflow trenches. Two additional stream sampling sites were established in 2002 ( Fig. 1 ).
Twenty-one new SWMFs were constructed within the Rouge subwatershed and 16 in the Humber subwatershed from 1997 to 2003. Over the same period of time, the urban area within the Rouge and Humber subwatersheds increased by 570 and 459 ha, respectively. Based upon an average 45% imperviousness in urban areas, the subwatershed imperviousness for the Rouge increased from 8.2 to 14.3% and the Humber from 11.1 to 19.1% in the years leading up to and during the study period.
Sampling and Analyses
As part of the SWMF operational monitoring program, single grab samples were collected in a range of SWMF outfalls and stream sites within 24 h after a rainfall event. All locations were sampled within two to three hours of each other in order to minimize the variability typically associated with sampling different stages of the pollutograph. Each grab sample was analyzed for total suspended solids (all study years) and phosphorus (2000-2001 only) . Total phosphorus (TP) samples were preserved with sulfuric acid and stored at 4ºC. In 2000, five samples were collected at each sampling location between May 10 and June 22 during rain events ranging from 8.8 to 46.2 mm commencing in the 24 h prior to sampling. In 2001, sampling of all sites occurred five times between May 22 and July 5, during rain events ranging from 10.0 to 43.4 mm in the previous 24 h. In 2002, sampling of all sites occurred four times between May 2 and July 23, during rain events ranging from 7.0 to 33.9 mm in the previous 24 h. Total phosphorus analysis was performed by acid persulphate digestion with spectrophotometric detection (Hach Company 1997) . Total suspended solids (TSS) concentrations were determined gravimetrically using a 1.5-µm pore filter, which has somewhat larger pores than the standard filter (0.47 µm).
Hourly rainfall data were obtained from a Town of Richmond Hill Oak Ridges weather station (OAK) just north of the Upper Rouge River subwatershed and from the Environment Canada Gauge (BUT) at Buttonville Airport ( Fig. 1) . Rainfall data were also obtained from other weather stations in adjacent municipalities to cover periods of equipment malfunction at the two standard weather stations. Rainfall for different areas of the Town was calculated as follows: SWMFs in the north part of the Town and the East Humber stream monitoring station were related to the Oak Ridges weather station (OAK), SWMFs in the south part of the Town were related to the Buttonville weather station (BUT) and SWMFs in the mid-Town and all other stream monitoring stations were related to the average rainfall of the two weather stations ( Fig. 1 ). Storm events with the most consistent rainfall across the entire Town were considered in the data analysis.
Stream stages at all permanent stream monitoring stations ( Fig. 1) were measured continuously at hourly intervals using automatic Telog water level loggers with Druck Pressure transducers. Stream flows at the stations were calculated using stage-discharge curves with a minimum of ten calibration points. Monthly baseflows were calculated as the median of all flows occurring more than 72 h after any rainfall. Mid-bankfull flow duration was calculated as the number of hours the water stage was at or exceeded the level halfway between the baseflow and bankfull stages. Water temperatures were measured hourly using temperature data loggers installed at permanent stream monitoring stations. Water temperature thresholds for cold water fish and warm water fish were established at 22 and 24ºC, respectively (Rouge Park 2002), and the percentage of time and maximum time above the thresholds were calculated on a monthly basis.
Results
Total Suspended Solids
Total suspended solids (TSS) concentrations were highly variable and dependent on the amount of rainfall previous to sampling and the sampling location. Stream TSS concentrations ranged from <3.0 to 670 mg L -1 and were similar in range to the SWMFs (<3.0 to 908 mg L -1 ; Tables 2-4). However, the distribution of TSS concentrations differed considerably between the stream and SWMF sampling locations (Fig. 2) . Over 75% of the samples collected from the stream sites had concentrations <60 mg L -1 TSS while only 53% of the SWMF discharge samples had concentrations in the same range. The range of TSS discharge from SWMFs with construction in their catchments (3.0-908 mg L -1 ) differed from those with stable catchments (3.0-306 mg L -1 ) as did the distribution of TSS concentrations (44.7 and 71.4% of samples <60 mg L -1 , respectively).
Stream TP concentrations in 2000 to 2001 ranged from <0.02 to 0.33 mg L -1 , while SWMF TP discharges ranged from <0.02 to 0.83 mg L -1 . TP concentrations were found to be correlated to TSS concentrations both in the SWMF discharges (r 2 = 0.72, p < 0.001) and in the stream sites (r 2 = 0.71, p < 0.001; Fig. 3 ) suggesting that the majority of phosphorus measured in both sites was associated with fine particulate matter. A comparison of average annual TSS concentrations at each sampling location revealed that TSS levels varied considerably amongst SWMFs and stream locations during any given year. Table 2 Several SWMF discharges can be identified as exhibiting high TSS discharges (SWMF 19-4 in 2000; 9-5, 16-4, 16-5 and 19-4 in 2001; and 1-4, 7-4, 9-6 and 16-7 in 2002 ; Table 1 ). High TSS discharges can be attributed to a range of different factors. In some cases, the high discharges can be attributed to a lack of maintenance resulting in significant reduction in permanent pool capacity and treatment efficiency, as is seen in SWMF 19-4 in 2000 SWMF 19-4 in and 2001 SWMF 19-4 in , and in 16-7 in 2002 . In other cases (e.g., the elevated TSS discharges can be attributed to SWMFs with large areas of their catchment under construction, resulting in high rates of sediment being transported into the facility. SWMF 16-4 and 16-5 were early examples of quality control facilities when design capacity was not as strin-gent as more modern current-day designs, and the sediment removal efficiency is not as effective. Finally, SWMF 7-4 was undergoing sediment removal and outlet structure performance optimization in 2002, resulting in abnormally high discharges of TSS compared to its normal operating range.
In contrast, several SWMFs consistently discharge water with lower TSS concentrations (SWMFs 11 -1, 15-5, 16-5, 17-3, 19 -3 and 23-2 in 2001 all had annual average TSS discharge concentrations less than 30 mg L -1 ). In each of these cases, the entire catchment draining to the SWMF was stable. Sediment concentrations at the stream sampling sites were generally lower in the undisturbed headwaters areas (see Cup, Dup, Eup, Fup in 2001) and increased as samples were taken further downstream in the subwatersheds, reflecting increased TSS loading from SWMFs and streambank erosion.
The change in land use from rural/agricultural to the construction phase of urban land use greatly increased TSS concentrations at some downstream sampling sites. At stream site Cup, the mean annual TSS concentration increased from 7.3 mg L -1 in 2001 (no construction upstream) to 129 mg L -1 in 2002 after construction had The magnitude of TSS discharge from SWMFs appeared to be related to the amount of rainfall in the previous 24 h (Fig. 4) . The mean TSS discharge for events between 5 to 14.9 mm, 15 to 24.9 mm and >25 mm of rainfall in the previous 24 h increased from 58.1 to 87.4 to 170 mg L -1 , respectively. SWMFs serving drainage areas which were under construction had considerably higher TSS discharges in all rainfall event categories than facilities serving stabilized drainage areas. In stable catchments, SWMF discharge of TSS showed little increase with increasing rainfall under 25 mm in the previous 24 h, corresponding to the designed treatment capacity of the facilities. However, once the designed treatment capacity of the facilities was exceeded, TSS discharge increased considerably.
Hydrology
Operational monitoring of rainfall, baseflow, peak stage and peak duration were carried out in order to identify possible changes in subwatershed hydrology that are typically related to increased urbanization. Trend analysis for monthly baseflow (Table 5) , annual mean peak water elevation (Table 6 ) and mid-bankfull flow duration (Table 7) for design storms at the permanent stream monitoring stations identified that these parameters varied considerably over the five-year study period. Median monthly baseflow showed no trend over the five years, but was highest in 2000 in all measured sites, likely in relation to higher total rainfall. Annual mean peak water elevation and mid-bankfull flow duration in response to 25-mm events (all events over 25 mm up to 2-year storm) and 2-year storms (all events over 2-year, up to 5-year storm) also showed no trend over the five-year study period, but tended to be higher in years where there was more total rainfall.
Water Temperatures
Water temperatures at the permanent stream monitoring stations varied considerably between stations and annually over the four years of measurement (Table 8) Exceedances of the local water temperature thresholds for warm water fish (24ºC) followed a similar pattern among stations and across years but were less frequent (0.1 to 1.9%) and for shorter durations (1-16 h).
Discussion
Operational monitoring showed differences in the total suspended solids concentrations in the discharge from SWMFs in stabilized versus under construction catchments. In our study, SWMFs in sites under construction consistently had average TSS discharges elevated to 2 to 3 times that of facilities in stable catchments in moderate to large rainfall events. This is in contrast to other studies which report that sediment transport from sites under construction is 20 to 2000 times higher than other land uses (Schueler 1997) , and suggests the effectiveness of SWMFs in reducing construction sediment loading to watercourses. The effect of increasing storm size on TSS release from SWMFs on construction sites in our operational monitoring is similar to that found in Maryland sediment basins (Schueler and Lugbill 2000) , although the magnitude of TSS discharge in the Maryland study was approximately double, likely due to differences in design standards of the basins, on-site erosion and sedimentation controls and local soil and rainfall conditions. Construction-related TSS loading appears to be problematic to eliminate using the range of best management practices currently available. The U.S. EPA in their Jordan Cove NPS (Non Point Source) Watershed Project in Connecticut compared two urban construction sites, one employing traditional construction practices and the other with implementation of stormwater best management practices, and found that in both cases, sediment loading to the watershed increased significantly over predevelopment conditions (Davenport et al. 2002) . In recognition of the impacts during the construction process, as land is converted from non-urban into urban land use, the U.S. EPA is starting to evaluate impacts from the construction period separately from the postconstruction period (Pritts and Maher 2002) . Despite the recognition that impacts on the subwatershed are possible during the urban construction phase, it is important to separate data from these facilities out of analyses looking to quantify the effectiveness of BMP protection of subwatersheds (Maxted and Shaver 1996) . In these facilities the cause of impact will be more related to excessive construction site runoff and sedimentation, than to performance of the BMP.
Our operational monitoring program found differences in TSS discharge between SWMFs that are all constructed to the same standard, especially in catchments 400 Olding et al. Fig. 4 . Mean total suspended solids discharge from all SWMFs, SWMFs with catchments under construction (UC) and SWMFs with stable catchments (ST) during rainfall events of different magnitude. that are under construction. The differences appear to be primarily attributed to the stage of construction in the drainage area, effectiveness of on-site erosion and sedimentation controls and the level of maintenance activities on the SWMF. A study of sediment discharges from sediment basins at Maryland construction sites (Schueler and Lugbill 2000) identifies that sediment release varies with the stage of construction with more TSS being released from facilities during the late stages of construction (420 mg L -1 ) compared to early construction (91 mg L -1 ), likely contributing to the variability seen in our study. A proper operations and maintenance program has also been shown to be critical to the effective performance of SWMFs and the subsequent protection of subwatershed resources (Anderson et al. 2002; Marsalek and Chocat 2002) . However, in many cases there is little or no attention paid to SWMFs after their construction and deficiencies in operation are common (Lindsay et al. 1992; Graham and Lei 2000) . Even after the construction period, SWMFs may vary in effectiveness due to design, location, variability in site conditions, or extent of vegetation establishment (Rowney 2002; Schueler and Caraco 2002) . The discharge from single facilities appears to have the potential to increase downstream watercourse TSS concentrations especially in headwater areas. The sensitivity of headwater streams to SWMF discharge reported in this study is consistent with biological impairment surveys reported in Yoder and Rankin (1996) in which the most severe effects were measured in headwater streams. Headwater streams are particularly sensitive to changes in their drainage areas since wet-weather flows are often a major source of flow to these small intermittent streams (Heaney 2002) .
An expected or normal range of contaminant discharges from SWMFs in stable catchments can be quantified to help identify facilities that are not functioning properly. Schueler and Claytor (1996) in their analysis of 42 published urban stormwater BMP studies identify irreducible concentrations of stormwater contaminants in storm outflows from different types of urban BMPs. The normal BMP discharge levels for TSS from their study (35.0 ± 19.0 for Ponds and 32.0 ± 25.8 for Wetlands; values in mg L -1 plus or minus one standard deviation) are remarkably consistent with those found in our operational monitoring program. The normal range of contaminant discharges can be seen as a current BMP limitation to pollutant removal.
The reduction of sediment loading to watercourses through stormwater management practices has been shown to be important to the health of aquatic communities (Schueler 1997) . It is important to interpret the results of the TSS monitoring cautiously when it comes to predicting biological effects and whether other contaminants are being released in significant concentrations by the SWMFs. The effects of suspended sediment concentrations on aquatic organisms has been shown to be related to both the concentration of TSS and the length 6 193.39 193.79 288.48 288.78 2000 571.2 588.6 193.48 194.05 194.49 202.46 202.86 203.29 288.96 289.25 289.46 2001 448.4 411.4 193.23 193.83 202.33 202.70 288.59 288.93 2002 442.0 376.8 a 193.40 193.86 202.29 202.54 288.74 288.97 2003 510.8 503.6 193.39 202.44 288.76 a Rainfall data from June 11 to September 30, 2002, at the TRCA rain gauge at the Boyd Field Center (Islington Ave. and Major Mackenzie Dr.) of exposure (Newcombe and Macdonald 1991) . While the scientific literature suggests that other contaminants (i.e., heavy metals) are generally associated with suspended sediments, it is also recognized that a wide variety of chemical forms exist within stormwater in solution rather than bound to particles (Lee and Jones-Lee 1994) . Furthermore, defining watershed health by water quality criteria alone is likely to overlook other impacts that might be detected by a range of bioassessment techniques. McCarron et al. (1996) report that, in a survey of Ohio waterbodies, based upon chemical data 53% of the stream segments were ranked as high quality for aquatic life uses while using biosurvey data, only 23% achieved a high ranking. Horner et al. (1996) in their research in Puget Sound lowland streams and wetlands concluded that chemical pollutants were not likely to play a significant role in the degradation of the health of subwatersheds until urbanization increased above the 60% impervious level-far above the level of 5 to 8% imperviousness where other biological and physical measures of health changed rapidly, usually due to altered watershed hydrology. Based upon the findings of Horner et al. (1996) and the current level of imperviousness (14.3 to 19.1%) of the Rouge and Humber subwatersheds in the Town of Richmond Hill, potential impacts due to cumulative water quality discharges from SWMFs could be seen to be less significant than other factors such as hydrology. Increases in site imperviousness related to the urbanization of lands have been shown to lead to greater stormwater runoff, which results in degradation of the physical and habitat characteristics of watercourses (Bledsoe 2002) . In western Washington urban basins, the increase in peakflow from frequent storms was reported to range from 10 to 100 times the predevelopment flow rates (Sovern and Washington 1996) . In addition, the increase in impervious surfaces is hypothesized to lead to less infiltration to groundwater resulting in lower baseflow levels in urbanizing subwatersheds, although researchers have reported no change, decreases and even increases in baseflow after urbanization (Snodgrass et al. 1996) . Current stormwater management strategies in the Town of Richmond Hill were designed to mitigate stream degradation due to increased peakflows by controlling post-development peakflows from the frequent storm to predevelopment levels (based on n/a a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 3 individual catchment areas) and maximizing opportunities for infiltration. Results from our operational monitoring program suggest that the implementation of the Town's design standard may be helping to mitigate peakflow and baseflow changes related to increased urbanization as no increase in peakflows for the 25-mm and 2year storm event and no trend in baseflow at the two permanent stream monitoring stations, Rouge Main and East Humber, relative to the reference station, Rouge East, were found over the last five years. However, it is important to note that the operational approach taken to monitor hydrology in this study did not consider other factors such as the antecedent moisture condition, and further work will be necessary to support a firm conclusion. Peakflow control for larger event storms has not yet been studied for the Town but may not be as important in protecting receiving water ecosystems since the majority of annual rainfall occurs in small (2-year) frequent storms (Nehrke and Roesner 2002) . The relationship between BMP control of peakflows and watercourse health is currently being debated by researchers. Brown and Caraco (2001) , in their paper on watercourse channel protection, identify the post-to pre-control of peakflows to be an outdated model based upon oversimplification of geomorphological processes. Booth and Rhett Jackson (1997) show that detention type BMPs achieve notable reductions in urban peakflow discharge but neglect to reduce the increased flow durations which have been linked to urbanization induced channel erosion. MacRae (1996) in his study of a SWMF on Morningside Creek in Markham, Ontario, found that the duration of geomorphically significant mid-bankfull flows increased by 4.2 times after 34% of the basin had been urbanized with SWMFs, resulting in erosion patterns similar to streams without stormwater management. All the above researchers agreed that the next step of stormwater design needs to take into consideration peakflow and duration, ultimately resulting in the establishment of the principle of no post-to pre-increase of erosion potential. SWMFs in this study were designed to provide a measure of erosion control, and operational monitoring to date suggests that there has been no increase in duration of mid-bankfull flows, a threshold which some researchers have suggested initiates sediment movement in the channel (Sovern and MacDonald 2002) .
It has been recognized that urban streams tend to be warmer than undisturbed streams primarily due to water runoff from increased areas of impervious surfaces (Schueler 1994; U.S. EPA 1999) . Increased water temperature may have many impacts on biological communities (Clar 2003) , especially in sensitive headwater streams. A study by Galli (reported in U.S. EPA 1999) was undertaken to characterize the thermal impacts associated with urbanization and stormwater management in Maryland. Galli found that significantly higher spring and summer water temperatures were present in the Tanglewood (30% imperviousness) and Lower Whiteoak (60% imperviousness) subwatersheds than in the Countryside (12% imperviousness) or Lakemont (1% imperviousness) subwatersheds. Average exceedances of 22 and 24ºC thresholds in our two urban subwatersheds are comparable with those derived from the Countryside subwatershed, suggesting that the absence of temperature impacts is related, at least in part, to the relatively low levels of imperviousness in our study areas. The relative importance of SWMF design improvements that have been implemented to help mitigate temperature impacts in the Town is difficult to evaluate in this case.
Overall, the findings from our operational monitoring program support the concept that the incremental implementation of BMPs across a subwatershed may help to mitigate some of the impacts of urbanization at the subwatershed level. Ultimately, many researchers are now outlining the necessity of moving beyond operational monitoring and formally addressing the relationship between BMP performance and the protection of the receiving waters and subwatersheds (Chocat et al. 2001; Marsalek and Chocat 2002) . There is still a discrepancy between the demonstrated performance of individual SWMFs and watershed studies that identify little or no benefit of BMPs once subwatershed imperviousness reaches a critical level. Horner et al. (2002) further point out that the quantification of cumulative BMP performance can be obscured by benefits from the percentage of intact forest, wetland and riparian buffer remaining in the subwatershed. The reliability of watershed imperviousness as a predictor of watershed health is also being called into question in response to the growing recognition of the complexity and variability of stream responses to urbanization (Bledsoe 2002) . There is need to establish consistent approaches to quantify the impacts of urban development runoff and link these impacts to the performance of various types of BMPs and their design parameters (Urbonas 2001) . The use of long-term experimental watersheds may provide some much needed consistency to address significant issues in SWMF performance (Heaney 2002) .
